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A PVC geomembrane integrated in the landscape 
Dr. Alberto SCUERO and Dr. Gabriella VASCHETTI 
 
The Aubert dam, owned by EDF - Electricité de France, is a 17 m high earthfill 
dam used for hydropower. The dam is situated within the site of a natural park in 
the High Pyrenees, at 2151 m of altitude. The dam has a concrete facing, covered 
by cement and bituminous layers. To protect the facing from the thermal and 
mechanical aggression a 40 cm thick layer of stone masonry has been placed over 
the entire upstream face of the dam. 
Aging of the dam, which was built in the 1920s, caused deterioration of the facing 
with subsequent seepage that in 2009 reached 1200 l/min. Most of the seepage 
was estimated to originate from a trapezoidal area in the top part of the dam. A 
PVC geomembrane system was deemed by the owner as the most suitable and 
reliable method to stop seepage in the long term. The challenges were to adapt the 
system to the existing situation, and to integrate it in the natural and wild 
environment. 
In the critical 1100 m² trapezoidal area the stone masonry was totally removed to 
allow installation of the PVC geomembrane system. The geomembrane was 
mechanically anchored at the top and sealed with a watertight seal along the 
remaining perimeter. To maintain the system’s natural appearance it was decided 
to reinstate the stone masonry facing in the top 470 m² area above the water 
fluctuation level that would result in the part remaining exposed. 
The paper will describe the site’s specifics, and the design and installation of the 
geomembrane system. 
Keywords: geomembrane, waterproofing, dams rehabilitation, tensioning 
system. 
1 Introduction  
The lake of Aubert lies within the nature reserve of Néouvielle in the High 
Pyrenees. The lake stores 8.26 million m3
The dam is 17 m high and has a total crest length of 350 m. The normal water 
level is at 2148 m, and bottom outlet level is at 2134 m. The upstream and 
 of water and serves as a back-up to 
the Cap-de-Long dam, discharging into the Pragnères hydroelectric power plant. 
The earthfill dam, that takes its name from the lake it encloses, was built 
between 1907 and 1932 and is located at an elevation of 2151.03 m above sea 
level. 
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3 The solution 
The objectives of the new waterproofing system were to reduce the leakage in 
the critical zone, i.e. blocks 7 and 8, and to minimize environmental impact, 
including maintaining to a minimum the visual impact of the new system, as 
well as minimizing the impact of construction work in the area. To achieve these 
objectives, a geomembrane system was selected, because of the reduced volume 
of materials, reduced stock area and reduced site mobilisation. To limit the 
visual impact, it was decided to leave the geomembrane exposed only in the 
lower section (below normal water level), and to reinstate the riprap layer over 
the geomembrane system in the upper section that would otherwise be left 
exposed during normal operation of the lake. In such a way the geomembrane 
will be totally covered by water in the lower part and by riprap in the upper part. 
The new waterproofing system was applied to a trapezoidal area of about sixty 
meters in width, which had been previously cleared of stones to allow for the 
installation. The waterproof liner, which is a PVC composite membrane (PVC 
geocomposite), extends to 2 m below the articulation joint. 
Figure 2 Diagram illustrating the area to be waterproofed  
3.1 The drainage system 
A drainage system has been installed below the PVC geocomposite to allow 
monitoring of the future behaviour of the waterproofing system. The drainage 
system below the geocomposite consists of a geonet that collects any seepage or 
condensation water and discharges it to the tensioning profiles that anchor the 
PVC geocomposite to the face of the dam and also serve as conduits to water 
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that can flow through them under gravity. The geonet is applied to the full area 
to be waterproofed with the exception of the areas of the face anchorage profiles 
and of the perimeter seals; where the geonet is interrupted to prevent the passage 
of water from one compartment to the next (figure 3). Refer to 
compartmentation in later section. 
The geonet is supplied in flexible rolls and is mechanically fastened to the 
support by means of chemical bolts and load distributing washers. 
To enable better monitoring of system’s performance, six separated drainage 
compartments were created; three upper compartments to monitor the upstream 
face, and a further three lower compartments to monitor the sealing of the area 
of the articulation joint. This subdivision was devised to separate foundation 
seepage water from any seepage caused by damage to the geocomposite. The 
compartments are confined by the watertight seals along the toe, the vertical 
perimeter seals, and by special vertical anchorage profiles, where a neoprene 
gasket is placed under the profiles on each side of the compartment, to prevent 
water migrating between adjacent compartments. The entire drainage system is 
kept at atmospheric pressure. 
Figure 3 and Figure 4 Diagram and photo of geonet on upper and lower compartments. 
The drainage water collected on the upstream face and at the toe is discharged 
through drainage pipes, one pipe for each compartment. Each pipe discharges 
into the inspection gallery. Steel plates positioned upstream of each drainage 
pipe prevent the geocomposite from collapsing inside the holes. 
The drainage system will monitor the behaviour of the waterproofing system 
and prevent the generation of water bubbles below the geocomposite that could 
create excessive uplift forces beneath it. 
3.2 The PVC geocomposite lining 
The system consists of a synthetic geocomposite, SIBELON CNT 3750, 
consisting of a 2.5 mm thick flexible and UV-stable PVC geomembrane 
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laminated during fabrication to a 500 g/m2
This type of geocomposite and solution has already been successfully employed 
on many EDF dams and reservoirs in the past. 
 non-woven anti-puncturing 
geotextile. 
3.3 Face anchorage  
In most EDF dams waterproofed using a similar system to that used at Aubert, 
the geocomposite is left exposed and is mechanically anchored to the upstream 
face via special profiles that achieve tensioning of the geocomposite. At Aubert 
because of the need to reconstruct the riprap in the upper section, a mixed 
anchoring system was used. From crest to about 0.5 m below the minimum 
water level, the geocomposite is covered by riprap that acts as ballast. From 0.5 
m below the minimum water level down to the articulation joint in the toe area, 
the geocomposite is left exposed and anchored to the face of the dam via 
tensioning profiles patented by Carpi. In the zone of the articulation joint, no 
tensioning profiles are present and the geocomposite is ballasted by backfilling. 
Figure 5 Anchorage of PVC geocomposite on dam face: by riprap on the top part and by 
tensioning profiles on the lower part. 
The geometry of the tensioning profiles is such that they transversely tension the 
geocomposite over the face of the dam. The tensioning profiles enable the 
geocomposite to maintain a stable position and resist service loads such as wind, 
waves and uplift without creasing. 
฀
฀
฀
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3.4 Watertight perimeter seals 
The geocomposite is sealed with an impermeable seal along its perimeter. Along 
the bottom a primary seal is present directly above the articulation joint. A 
secondary seal is placed below the articulation joint. Vertical seals are present 
along the lateral limits of the geocomposite. 
The perimeter seals consist of flat stainless steel profiles that compress the 
geocomposite through a layer of acrylic resin and a neoprene gasket through 
tightening of threaded rods anchored via chemical phials. 
The primary seal separates water drained the three upper compartments from 
that in the bottom compartments. The secondary seal serves the purpose of 
reducing the hydraulic load on the primary seal. 
The top seal that runs along the crest is not a watertight but merely splash-proof 
and can resist the ingress of rain, melting snow and inundation water. It consists 
of flat stainless steel profiles anchored via expansion anchors. 
3.5 Ballasting of the upper section 
The riprap reinstated over the upper section of the dam is supported by precast 
concrete beams installed at elevation 2147.70 m that are in turn supported by 
mounted brackets that penetrate the geomembrane. The seal is nonetheless 
maintained by employing watertight details at penetrations. 
A 800 g/m2
4 Construction 
 polypropylene geotextile was laid over the geocomposite to protect 
it prior to placing the beams and applying the ballast. 
The waterproofing operation took place during the summer of 2010.  Installation 
was conducted by a specialist workforce using ropes and other safety equipment 
to work directly on the upstream face of the dam. 
Construction began with the top section (i.e. from the crest down to the 
articulation joint) and continued with the lower section (i.e. from the articulation 
joint to toe level). 
Works began with the removal of the existing masonry in the area to be 
waterproofed, followed by hydrojetting.  
Holes for drainage discharge were drilled starting from the upstream face and 
terminating in the inspection gallery, one per compartment, i.e. six in total. Steel 
pipes were fed through the holes and grouted in place. These pipes were cut 
flush with the subgrade to ensure any damage to the geomembrane is prevented. 
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The U-shaped profiles that compose the tensioning assembly were then 
mechanically fastened by means of chemical anchors to the subgrade, starting 
0.5m below the normal water level and terminating shy of the articulation joint 
(figure 6). 
The geonet was laid (from crest  to articulation joint) between U-shaped profiles 
and fixed to the substrate via impact anchors (figure 7). 
   
Figure 5  and Figure 6 Left: view on the U-shaped tensioning profiles mechanical fixed 
via chemical anchors to the concrete facing. Right: view on the geonet sheets being laid down 
between lower tensioning profiles and mechanical fixed via impact anchors to the concrete 
subgrade. 
The geocomposite was then applied over the geonet. 
   
Figure 7 and Figure 8 Left: Geomembrane sheets are being unrolled from crown to 
articulation joint. Right: The upper Ω-shaped profile is installed over two overlapping 
adjacent sheets. 
The sheets of geocomposite were placed vertically from crown down to 
articulation joint and from articulation joint down to toe level.  The sheets were 
placed such that two adjacent strips overlapped sufficiently to allow manual 
heat-welding over the profiles (figure 8). 
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Once two adjacent geomembrane sheets were placed over the lower U-shaped 
profile and welded, the upper Ω-shaped profile was placed over the 
geocomposite and tightening of the two profiles completed the tensioning of the 
sheets (figure 9). Geocomposite strips were then welded over the upper Ω-
shaped profile (figure 10). 
   
Figure 9 and Figure 10  Left: geocomposite strips welded over the upper Ω-shaped 
tensioning profile. Right: view on the perimeter watertight seal at the articulation joint. 
The watertight perimeter seals were fastened on the outer perimeters, once the 
geocomposite had been pulled over the perimeter bolts (figure 11). 
    
Figure 11 and Figure 12  Lower section from articulation joint down to toe. Placement of 
the geocomposite sheets over the drainage geonet, and the secondary perimeter seal 
completed. 
Watertight perimeter seals are inherently waterproof due to the presence of the 
resin regularization layer, neoprene gaskets and splice plates, and the exerted 
compression. 
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L-shaped steel brackets were installed to support the concrete beams that in turn 
support the ballast over the top of the exposed section (figure 14). 
Prior to ballasting, a layer of geotextile was laid over the geocomposite to 
prevent it from being damaged by the stone masonry (figure 15). 
    
Figure 13 and Figure 14 Left: L-shaped steel brackets are installed at 2147.7m elevation. 
Right: a layer of geotextile is placed over the geocomposite. 
Whilst in the lower part face anchorage of the PVC geomembrane was secured 
by the tensioning profiles, in the upper part ballasting is provided by the 
reconstructed stone masonry (figures 16 and 17). 
     
Figure 15 and Figure 16  Left: riprap being laid over the protective geotextile layer. Right: 
close up of completed riprap. 
In the lower section (zone of articulation joint) no tensioning profiles were 
installed and the geocomposite was secured in place by backfilling the foot. 
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Conclusion 
Waterproofing works were carried out during the summer of 2010, and took a 
total of about 12 weeks, 2.5 of which were taken up by the removal of the 
existing stone masonry. The installation of the geomembrane system took only 4 
weeks and the remaining time was used for reinstating the original masonry. The 
total area of geomembrane installed was 1185 m2
The system installed at the Aubert dam is an example of a geomembrane 
successfully integrated within the natural environment, so as to constitute a 
“green" solution. Riprap coverage at the top, which helped restoring the original 
appearance of the dam, will also protect the geomembrane from the aggression 
and negative aging effects of the environment. 
. 
Measurements taken as the water level was allowed to rise showed that the 
system is completely waterproof. All six drainage pipes were either dry or 
experienced very slight dripping and the main leakage was noted to originate 
from the foundations. 
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